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(54) Acoustic gas analyser 

(57) A measurement ceil (2) is operabty connecta- 
bieto analysis means (24,26,30) adapted to detemnine 
compositional infonmation of a gas dependent on the 
analysis of acoustic velocities. The ceil (2) comprises a 
sample chamber (4) for receiving a gas mixture to be 
analysed and a reference chamber (6) for receiving a 
Icnown reference gas, separated by a common wail sec- 
tion (8) at least part of which (10) can communicate 
pressure changes and preferably at least part of which 
(12) can communicate humidity changes between the 
chambers (4;6). An acoustic transmitter/receiver ar- 
rangement (1 8a,20a;1 8b,20b) is operable to transmit a 
first acoustic signal through a gas mixture within the 
sample chamber (4), a second acoustic signal through 
reference gas within the reference chamber (6) and to 
receive the first and second transmitted signals for use 
In determining acoustic veiocities. 
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Description 

[0001] The present invention relates to an acoustic 
gas analyser for the analysis of relative proportions of 
gases in gas mixtures and in particular to one in which 
a reference chamber containing a known reference gas 
is employed for calibration. 

[0002] In medical and clinical settings it is useful to be 
able to measure accurately the concentrations of respi- 
ratory (inspiration and/or expiration) gases or changes 
therein since these can provide valuable information on 
patient metabolic conditions. This is particularly the 
case during the provision of mechanical respiratory aid 
to a patient where knowledge of the relative and abso- 
lute amounts of oxygen and carbon dioxide within the 
expiration gas may be used to provide infonnatlon on 
the metabollsation of oxygen as well as respiratory func- 
tion. Moreover, knowledge of the oxygen/nitrogen ratio 
in an Inspiration gas is useful for controlling or monitor- 
ing the provision of mechanical respiratory aid. 
[0003] A gas analyser is known, for example from WO 
92/03724, for acoustically analysing the ratios of a mix- 
ture of gases comprising two known gases, such as the 
oxygen/nitrogen ratio In a breathing gas to be supplied 
to a patient from which the oxygen concentration or 
changes therein can be determined. The known analys- 
er utilises the physical phenomenon that acoustte waves 
travel with different velocities through different gases. 
The velocity of sound, V, through a gas is known to be 
proportional to (TA^)0-5 where M is the molecular weight 
of the gas and T Is its absolute temperature. Thus for a 
gas mixture at a known temperature monitoring the ve- 
locity of sound, V, provides a measure of the relative 
concentrations of the constituents of the gas. 
[0004] The known analyser comprises an ultrasonic 
transducer an-angement adapted to transmit ultrasound 
pulses through a sample gas mixture within a measure- 
ment cell and to receive the so transmitted pulses; a 
temperature sensor to monitor the gas temperature 
within the cell; and a calculations unit for calculating the 
transit time of the ultrasound pulses and for detenrtining 
the ratio of the gases therefrom. 
[0005] However, in the above described analyser 
temperature dependent mechanteal effects on the op- 
eration of the transducer and other non-linear tempera- 
ture variations are not catered for. 
[0006] An improvement to the analyser described 
above is disclosed in US 5,581 ,014 in which non-linear 
and mechancal effects due to temperature changes are 
compensated for automatically. The improved analyser 
comprises a measurement cell having a sample cham- 
ber, into which a sample gas is drawn, and a physically 
separate reference chamber which holds a reference 
gas of known composition; an acoustrc generator for si- 
multaneously generating an identical acoustic signal 
within the sample and the reference chambers; an 
acoustic receiver for separately receiving the generated 
acoustic signals after their transmission through gas 



within respective sample and reference chambers; and 
a signal analyser which calculates the velocity of sound 
through gas within the sample chamber using a clock 
signal generated by the acoustic signal received after 
5 transmission through the gas within the reference cham- 
ber. Thus, provided that the temperatures of the gas 
within the reference chamber and the sample chamber 
are allowed to equilibrate then any temperature induced 
effects may be compensated for. 

10 [0007] However, changes in the temperature of the 
sample gas which occur faster than the temperatures 
can equilibrate will remain uncompensated for. 
[0008] Particularty, the temperature of the sample gas 
will vary according to its pressure so that in circumstanc- 

is es where the sample gas has a variable and rapidly 
changing pressure, such as typically found In inspiration 
and expiration gases during mechanical respiratory aid, 
inaccuracies in the measured gas ratio can occur. 
[0009] Additionally, density variations of the sample 

20 gas due to an unknown humidity level can also be a 
problem. This Is partteulariy problematteal if the expira- 
tion gas of a patient is being monitored but may also be 
a problem if the inspiration gas is being monitored where 
the gas is often humidified to ambient humidity levels. 

25 [001 0] It is an aim of the present invention to provide 
. an acoustic gas analyser in which compensation of 
acoustic velocity measurements In a sample gas mix- 
ture for pressure and/or humWity effects may be 
achieved. 

SO [0011] Accordingly, the present invention provides a 
measurement cell for use In an acoustic gas analyser 
as described In and characterised by the present Claim 
1 . Having a cell In whteh acoustte velocities In both a 
sample chamber and a reference chamber may be 

55 measured and in which the reference chamber and the 
sample chamber are arranged separated by a common 
wall, at least part of which is moveable, for example by 
fomiing it from an elastically defomiable gas-tight mem- 
brane, in response to relative gas pressure changes In 

40 the sample chamber and the reference chamber then 
respective pressure changes of the gas mixture can be 
compensated for. 

[001 2] In this way equal pressure changes within the 
two chambers will occur and any pressure induced tem- 

45 perature effects on the acoustic velocity through gas 
within the sample chamber will be simply and rapidly 
compensated for through similar pressure Induced tem- 
perature effects on the acoustk: velocity through gas 
within the reference chamber. 

so [001 3] Usefully, one or more water vapour transfer el- 
ements which selectively provide for the transfer of wa- 
ter vapour there through may be disposed within one or 
both the sample chamber and the reference chamber, 
and preferably in the common wall section, to ensure 

55 that the humidity of the gases within each chamber is 
the same. 

[001 4] Exemplary embodiments of the present Inven- 
tion will now be described with reference to the drawings 
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of the accompanying figures, of which: 

Fig. 1 shows a schematic block diagram of an ana- 
lyser according to the present invention. 

Fig. 2 show a schematic illustration of an alternative 
measurement cell usable In the analyser of Fig.1 

[001 5] Considering now the analyser illustrated in Fig. 
1 , in which a measurement cell 2 is shown to comprise 
a sample chamber 4 and a reference chamber 6 con- 
nected by a common wall 8 which separates the cham- 
bers 4,6. By providing the sample chamber 4 and the 
reference chamber 6 in intimate contact and with sub- 
stantialty similar physical dimensions then both cham- 
bers 4.6 will be effected by ambient and other temper- 
ature changes In the same way. Sections of the wall 8 
are fonned of a gas-tight flexible membrane 10 and of 
a water vapour transfer element 1 2, for example formed 
from an ion exchange polymer membrane such as 
NAFION® (commercially available from E.I. DuPont de 
Nemours and Company, Wilmington, Delaware). 
[0016] An inlet 14 and an outlet 16 are provided in the 
sample chamber 4 to pennit a sample of a gas mixture 
which comprises two known gases in an unknown ratio 
to enter and exit. A reference gas of known composition, 
such as air, Is held within the reference chamber 6. The 
flexible membrane 1 0 is moveable under the influence 
of pressure changes within gas in the sample chamber 
4 to communicate the pressure change to the reference 
gas within the reference chamber 6 and the transfer el- 
ement 12 permits only the transfer of water vapour be- 
tween the chambers 4,6 to equilibrate the humidity of 
the gases contained therein. In this manner pressure 
and humidity effects on the analysis of the sample gas 
may be compensated for. 

[0017] The analyser also comprises an acoustic 
transmitter/receiver arrangement for transmitting and 
receiving acoustic signals through gas within each of the 
sample chamber 4 and the reference chamber 6 and for 
detemnining acoustic velocities therefrom in a manner 
conventional in the art. In the present embodiment the 
arrangement is shown to comprise two ultrasonk^ trans- 
ducers 18 a,b whk:h are adapted to act as ultrasound 
emitters and are disposed within the sample chamber 4 
and the reference chamber 6 respectively. Two further 
ultrasonic transducers 20 a,b are adapted to act ultra- 
sound receivers and are also disposed within the sam- 
ple chamber 4 and the reference chamber 6 respectively 
to receive ultrasound pulses emitted from their associ- 
ated ultrasound emitters 18 a,b after passage through 
gas within their respective chambers 4,6. A driver unit 
22 is operabty connected to the two ultrasound trans- 
mitters 18 a,b to provide an electric drive pulse to the 
transmitters 18 a,b in order to stimulate the generation 
of a corresponding ultrasound pulse. On receipt of the 
respective ultrasound pulse the two ultrasound receiv- 
ers 20 a,b generate an output electrical signal repre- 



sentative of the received pulse which is output to a zero- 
crossing detector 24. 

[0018] When a zero crossing of the output electrical 
signal is detected as originating from a correct ultrasonic 

5 pulse the zero-crossing detector generates an output 
signal for use by a transit-time cabulator 26. As is known 
in the art, the transit time calculator 26 essentially com- 
prises a counter (not shown) which is incremented at a 
known clock speed. The counter Is started upon receipt 

10 of a signal from the driver unit 22 which is generated 
simultaneously with the provision of the electric drive 
pulse. The counter Is stopped upon receipt of the output 
signal from the zero-crossing detector 24. The velocity 
of the ultrasound pulses through gas within the respec- 

is tive chambers 4,6 is then detennined within the transit 
time calculator 26 from knowledge of the counter read- 
ing, the incrementing clock speed and the separation of 
the emitter/receiver 18a, 20a; 18b, 20b in the sample 
chamber 4 and reference chamber 6 respectively. 

20 [0019] It wilt be appreciated that the acoustic trans- 
mitter/receiver arrangement described above may be 
substituted for any known arrangement for the detemil- 
nation of acoustic velocities, such as one whtoh oper- 
ates by detemnining phase changes; or one In whteh the 

25 transceivers 1 8a, 20a in at least the sample chamber 4 
are configured to each operate alternately as an ultra- 
sound emitter and an ultrasound receiver so that veloc- 
ities in opposing directions of travel may be detennined 
and used to compensate for the velocity of sample gas 

30 moving through the sample chamber 4; or the arrange- 
ment shown in Fig.2. 

[0020] Themnai sensors 28a,b are disposed to moni- 
tor average gas temperatures within the sample cham- 
ber 4 and the reference chamber 6 respectively. Pres- 

35 sure induced changes to the gas temperatures in each 
chamber 4,6 occur substantially instantaneously and 
will not be detected by the sensors 28a,b whtoh have 
response times in the region of 1 to 10 seconds. 
[0021 ] These rapid pressure Induced changes will be 

40 compensated for through movements of the membrane 
10 which equalise pressure changes in the two cham- 
bers 4,6. Indeed, these temperature sensors 28a,b may 
be omitted where the analyser is to be used In circum- 
stances where the average temperature of the two 

45 chambers 4,6 can be assumed to be the same. This will 
be the case where the two chambers 4,6 are maintained 
in good thenmal contact. 

[0022] The so determined ultrasound velocities within 
each of the sample chamber 4 and reference chamber 
50 6 are output to a calculations unit 30 where they are em- 
ployed, together with time averaged temperature read- 
ings from thermal sensors 28a,b (if provided), to cakxi- 
late the ratio of two known gases within the gas mixture 
In the sample cell using the known relationship: 

55 

V=K(T/iy<1)°* (1) 
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where 

V Is the acoustic velocity through gas within the rel- 
evant chamber 4,6; 

T is the absolute temperature of gas within the rel- 5 
evant chamber 4,6; 

M Is the molecular weight of gas with the relevant 
chamber 4,6; and 

K is a constant for the relevant chamber 4,6 de- 
pendent on the specific heat capacities of the gas- io 
es. 

[0023] Since M Is known for the reference gas then a 
measurement of V within the reference chamber 6 pro- 
vides a measure of T, Thus, since T is known, a meas- is 
urement of V within the sample chamber provides a 
measure of M of the sample gas. 
[0024] An alternative embodiment of a measurement 
cell according to the present invention whteh may sub- 
stitute for the measurement cell 2 of Rg 1 Is illustrated 20 
in Fig. 2. 

[0025] With reference to Fig. 2. a measurement cell 
32 comprises a sample chamber 34 and a reference 
chamber 36 whbh are configured with a common wall 
38. A section of the common wall 38 is provided as a 25 
flexible membrane 40 which moves under pressure 
changes in the sample cell 34 in a manner equivalent to 
that of membrane 10 of Fig. 1 . An inlet 42 and an outlet 
44 are provided connected to the sample chamber 34. 
The inlet 42 Is formed, at least in part, from a suitable 30 
ion exchange polymer 46 such as NAFION®, to allow 
equilibration of humidity between an incoming sample 
gas and the sunrounding air. A water vapour transfer el- 
ement 48, preferably fomned of the same ion exchange 
polymer as the section 46 of the inlet 42, is provided in 35 
an outer wall 50 of the reference chamber to allow equi- 
libration of humidity between a reference gas within the 
reference chamber 36 and the surrounding air. In this 
manner the element 48 and the section 46 provide for 
humidity communteation between gas within the sample 40 
chamber 34 and gas within the reference chamber 36. 
As an alternative to fomning the inlet 42 from a suitable 
ion exchange polymer 46 a water vapour transfer ele- 
ment 52 (broken lines in Fig. 2) may be placed in an 
outer wall 54 of the sample chamber 34 to permit hu- 45 
midity transfer between internal and external the sample 
chamber 34. 

[0026] An acoustic transmitter/receiver arrangement 
is shown In the embodiment of Fig. 2 which comprises 
two acoustic transceivers 56a,b. One transceiver 56a Is so 
disposed against an end wall 58a of the sample cham- 
ber 34 and the other transceiver 56b is disposed against 
an end wall 58b of the reference chamber 36. 
[0027] Acoustic reflectors 60a,b are disposed against 
opposite end walls 62a,b of respectively the sample ss 
chamber 34 and the reference chamber 36 so as to re- 
flect towards the corresponding transceiver 56a,b inci- 
dent acoustic energy emitted by that transceiver 56a,b. 



These reflectors 62a,b may, of course, be omitted If the 
end walls 62a,b are sufficiently reflective. The transceiv- 
ers 56a,b may be operably connected to a suitably mod- 
ified driver unit 22 and zero crossing detector 24 of Fig. 
1 , as illustrated by the an-ows in Fig.2. Any modification 
to these devices 22, 24 will be well within the scope of 
a person skilled in the art to make. 
[0028] It will be appreciated by a person skilled in the 
art that an acoustic transmitter/receiver arrangement of 
known forni, such as for example that an-angement il- 
lustrated in the embodiment of Fig.1, may readily sub- 
stitute for the arrangement described above with re- 
spect to the measurement cell 32 of Fig. 2. 



Claims 

1 . A measurement cell (2;32) for an acoustic gas an- 
alyser comprising: 

a sample chamber (4;34) for receiving a gas 
mixture to be analysed; 
a reference chamber (6;36) for receiving a 
known reference gas; 

an acoustic transmitter and receiver arrange- 
ment (18a,20a;18b,20b;56a,60a;56b,60b) op- 
erable to transmit a first acoustic signal through 
a gas mixture within the sample chamber (4; 
34), a second acoustic signal through reference 
gas within the reference chamber (6;36) and to 
receive the first and second transmitted sig- 
nals; 

characterised in that 

the sample chamber (4;34) and the reference 
chamber (6;36) are configured with a common wall 
section (8;38) at least part of which (1 0;40) Is move- 
able to transmit a change in gas pressure between 
internal the sample chamber (4;32) and Internal the 
reference chamber (6;36). 

2. A measurement cell (2) as claimed In Claim 1 char- 
acterised in that there Is further provided a tem- 
perature monitor (28a,b) adapted to provide a 
measure of a time averaged temperature in each of 
the sample chamber (4) and the reference chamber 
(6). 

3. A measurement cell (2) as claimed in Claim 1 or 
Claim 2 characterised in that the sample chamber 
(4) and the reference chamber (6) are configured 
with the common wall section (8) at least part of 
whbh comprises a water vapour transfer element 
(12) for communicating water vapour between in- 
ternal the sample chamber (4) and internal the ref- 
erence chamber (6). 

4. A measurement cell (32) as claimed in any of the 
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Claims 1 to 3 characterised in that the reference 
chamber (36) is provided with a water vapour trans- 
fer element (48) for communicating water vapour 
between intemal the chamber (36) and ambient at- 
mosphere. ^ 

5. A measurement cell (32) as claimed in Claim 4 
characterised in that the sample chamber (34) is 

provided with a water vapour transfer element (46; 

52) for communicating water vapour between inter- io 
nal the chamber (34) and ambient atmosphere. 

6. An acoustic gas analyser comprising: 

a measurement cell (2;32) as claimed in any 
preceding claim; a drive unit (22) operably con- 
nected to the transmitter (18a.b;56a,b) of the 
acoustic transmitter and receiver arrangement 
(18a,20a;18b,20b;56a,60a;56b,60b) to control 
the transmission thereby of acoustic energy; ^ 
detector circuitry (24,26) operably con nected to 
the receiver (20a,b;56a.b) to recehre an electri- 
cal signal therefrom dependent on receipt of a 
transmitted acoustic signal thereby and to de- 
termine an acoustic velocity within each of the ^5 
respective sample chamber (4;34) and refer- 
ence chanrtber (6;36); and 
an analyser unit (30) operably connected to the 
detector circuitry (24,26) to receive the deter- 
mined acoustic velocities and adapted to deter- so 
mine compositional properties of gas within the 
sannple chamber (4;34) therefrom. 
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1 ft— 1 1—1 QQQ 










EP 


0528947 


Al 


03-03-1993 










FI 


925177 


A 


13-11-1992 










FI 


20001365 


A 


08-06-2000 










IL 


98152 


A 


30-05-1994 










XL 


104253 


A 


30-03-1995 


GB 


727891 


A 


13-04-1955 


NONE 








US 


3981176 


A 


21-09-1976 


US 


B506744 


15 


13-01-1976 


JP 


56140249 


A 


02-11-1981 


JP 


1398611 


C 


07-09-1987 










JP 


62007506 


B 


17-02-1987 


DE 


3125078 


A 


13-01-1983 


DE 


3125078 Al 


13-01-1983 


GB 


2087559 


A 


26-05-1982 


NONE 








US 


3357245 


A 


12-12-1967 


NONE 








EP 


0486264 


A 


20-05-1992 


CA 


2053948 Al 


15-05-1992 










EP 


0486264 A2 


20-05-1992 










JP 


4268416 A 


24-09-1992 


GB 


574819 


A 


22-01-1946 


NONE 









p 

tu For more details about this annex : see Official Joumai of the European Patent Office, No. 12/82 
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